
Wave Breaking and Dissipation in the Nearshore

Dr. ThomasC. Lippmann
Center for Coastal Studies

Scripps Institution of Oceanography
University of California, San Diego

LaJolla, CA 92093-0209
Tel: (619)822-0605, Fax: (619)534-0300, Email: lippmann@coast.ucsd.edu

Award number N00014-96-1-0406

LONG-TERM GOALS

The long rangegoal is apredictiveunderstanding of thespatial and temporal variability of
wavebreaking in thenearshore, and the impact of wavebreaking on the forcing of mean and
oscillatory flo ws, sediment transport, and changes in large scalenearshoremorphology.

SCIENTIFIC OBJECTIVES

(1) Improved modeling of wave transformation, wavebreaking distributions, and surfacewavestress
on barred bathymetry

(2) Improved understanding of infragravity waves, their forcing by modulations in wavebreaking
patterns, their cross-shorevariation across thesurf zone

(3) Pilot measurementsof wavebreaking on the inner shelf

APPROACH

Thedifficult problem of understanding wavedissipation in thenearshore is approached
through field observationsmadeacrossa variety of beach profiles and under awide rangeof wave
conditions. Dataareobtained remotely from video recordingsof thesurf zoneand inner continental
shelf, and imageprocessing techniquesareused to detect and quantify wavebreaking over spatial
and temporal scales ranging 10-1000 metersand 10-10000 seconds. Theobserved spatial
distributionsof ensemble-averaged wavebreaking distributionsareused to improvenumerical
dissipation estimates, and subsequently applied to parametric modelsof incident waveenergy
transformation and mean current forcing within thesurf zone. Theforcing of low-frequency
oscillatory motion through spatial and temporal variationsof thepoint at which awavebreaks is
being approached through acombination of theory and observation. Therelationship of wave
breaking to sediment transport isbeing pursued through co-located video observationsand
collaborative in situ measurementsof sediment concentration, turbulence, and void fraction (air
concentration).

WORK COMPLETED

Recently, continuousobservationsover a3 month period of wavebreaking wereobtained as
part of theSandyDuck field experiment held in thesummer and fall of 1997. Thespatial and
temporal variationsin thebreaking wavefield in and near thesurf zonewerequantified with an array
of shoremounted daylight and intensified (night-time) video camerasmounted on towersof varying
height. The relationship of breaking variability to thedistribution of longshorecurrents, set-up,
suspended sediment concentration, and ripplefields in relation to theoffshoresand bars in thesurf
zoneand thewhitecapping on the inner shelf, is being examined collaboratively in detail with
SandyDuck participants.
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RESULTS

Observationsof wavebreakingatanumberof alongshoretransectsspanningseveral
hundredmetersalongshoreandextendingfrom theshorelineto beyondthewidth of thesurfzone,
weremadecontinuouslyfor over2 monthsduringthe1997SandyDuckexperimentutilizing both
daytimeandintensifiednight-timevideocameras.

Empiricalalgorithmshavebeendevelopedto identify thelocationof individualbreakersin
digitizedtimestackimagery(Holman,et al., 1993).Theprecisionof identifying themaximum
intensityandleadingedgeof thebreakersis estimatedto begenerally1 pixel, or within the
resolutionof theimage(0.5-1.0m). Theaccuracy in detectingbreakersfrom othernonbreaking
featuresis estimatedatwithin 1-2%of thetotal identifiedbreakingwavesfor mostdays,but canbe
asmuchas5-10%for stormyperiodswhenthecontrastat theseasurfaceis greatlyreduced.

Theidentifiedlocationof individualbreakersin thetimestacksis usedto comparewith other
in situor remotesensinginstrumentationwithin thecamera’s groundfield of view. Thisdatais being
usedto examineoccurrencesof breakingeventswith sedimentconcentrationtimeseriesat thesame
spatiallocationandtime.

Thenumberof breakingwavesatagivencross-shorelocationaresummedovervarioustime
intervals,normalizedby thetotalnumberof waves,andthenusedto calibratewave transformation
modelsusedin modelingmeanflow (Reniers,et al., submitted;GarcezFaria,et al., 1998;Garcez
Faria,et al., submitted).Thevariationof thebreakingpatternsduringSandyDuckwasstrongly
tidally modulated(Figure1), with advectiondistancesof breakingwavesthroughthetroughof the
barincreasingwith thetide,a resultexpectedfrom thewavebreakingtransformationmodel
includingwave rollers(LippmannandThornton,submitted)andpreviousobservationsof longshore
currents(ThorntonandKim, 1993).Surprisinglywefind strong10-30%variationsin theaverage
breakingpatternswith timescaleson theorderof 30-40minutes.Theorigin of thesemodulations
andtheireffecton theforcingof very longperiodoscillatorymotionsandsedimentsuspension
eventsis notyet known, andis presentlybeinginvestigated.

Variationsin breakingpatternsat longer(orderdaysto weeks)timescalesareexaminedby
usingcontinuousobservationsover the2 monthlongdeployment.Thevariability in breaking
patternsis determinedby combinationsof changesin incidentwaveenergy, manifestedin slowly
varyingfluctuationsin surf zonewidth, andchangesin thewaterdepthdeterminedby theamplitude
andlocationof sandbarsandstrongmodulationsat tidal frequencies.

A cross-shorearrayof 9 co-locatedpressuresensorsandbi-directionalcurrentmetersfrom
the1990Delilahexperiment(P. I. Thornton),extendingfrom theshorelineto approximately4.5m
depth,wereusedto estimatetherelativecontributionsof gravity wavesandinstabilitiesof the
longshorecurrent(shearwaves)to motionsin theinfragravity band(Lippmann,et al., 1998).
Outsidethesurf zonewheretheshearof thelongshorecurrentis relatively weak,theobservedtotal
infragravity velocity to pressurevarianceratios(normalizedby ����� ) areapproximatelyequalto 1,
consistentwith aninfragravity spectrumdominatedby gravity (edgeand/orleaky) waves.Insidethe
surf zonewherelongshorecurrentsarestronglysheared,thesenormalizedratiosaremuchlarger, up
to 8 onsomeoccasions,indicatingthatshearwavescontributeasmuchas75%of thevelocity
variancein theinfragravity band.Energeticshearwavesareconfinedto the(often)narrow regionof
strongshearon theseawardsideof thelongshorecurrentmaximum(Figure2), andtheircross-shore
structureappearsto beinsensitiveto thebeachprofile,consistentwith thetheoreticalpredictionsby
BowenandHolman(1989).In addition,duringlow-energy incidentwaveconditions,infragravity
pressurevariancedecreaseswith increasingdepthqualitatively consistentwith thetheoretically
predictedunshoalingandtrappingof gravity waves.However, duringhigh-energy incidentwave
conditions,theobservedinfragravity pressurevariancesarenearlyuniformacrossthesurf zone,
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Figure 1: The spatial fraction of breakingwaves determinedover successive 5
minute intervals from timestacksspanninga 12 hour periodon 21 October1997
during the SandyDuckexperiment. Both the height of the surfaceplot and the
color scaling,shown in thecolor baron theright, areproportionalto thebreaking
fraction. Observationsshown in theFigureextendfrom theshoreline,pastthe in-
ner sandbar, andout to aboutthe secondbar crest. The breakingfraction of the
wave field approachesunity over theshallowsof thebar, andagainneartheshore-
line. Thefractionof breakersdecreasesin thebartroughs,with substantiallymore
breakingoccurringlandward of the inner bar at higherstandsof the tides. Also
clearlyobservedare15-30% fluctuationsin thebreakingpatternswith time scales
on theorderof 30-40minutes,muchlongerthantypical wave groupswith periods
of O(1-3minutes).

suggestingstrongscatteringeffectsin awidesurf zone(Lippmann,et al., 1998).

Intriguingly, recentanalysisof only thecross-shorepressurearrayfrom Delilah, indicate
thatinfragravity surfacegravity waveenergy is locally maximumover theshallowsof thesandbar
(perhapsindicatingthepresenceof low-frequency bar-trappededgewavessimilar to observationsof
Bryan,et al., 1998),andappearsto bemorestronglyamplifiedwhenthebarmorphologybecomes
three-dimensional(Figure3). Thecoincidenceof increasedturbulenceproducedby highnumbersof
wavebreaking,suggeststhatthree-dimensionalbarevolutionmaybelinkedto thecombinedeffects
of breakinginducedsedimentmobilizationandsuspensionandsubsequenttransportby energetic
infragravity wavesover thebar.

IMPACT/APPLICATIONS

Wavebreakingis theprincipaldriving forcefor currents,meanwaterlevel changes,andlow
frequency oscillatorymotionswithin thesurf zone,andis alsobelievedto beof orderone
importancein sedimenttransportandlargescalesandbarevolution. However, simple
parameterizationsneededto describethecomplicateddissipativemechanismshavenotgenerally
beenguidedby observation.Only with recentadvancesin remote(video,acoustic,microwave,
infrared,radar),andin situ (void fraction)instrumentation,hasquantifyingthebreakingprocess
beenpossible,andimprovementsin thesamplingandmodelingof wavebreakingshouldleadto
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Figure2: The observed ratio R (centerpanel),of the measuredtotal infragravity
velocityto pressurevariancerationormalizedby thetheoreticalpredictionfor grav-
ity waves( ����� ), over all low-tide observationsfrom 6-8 Octoberduring the 1990
Delilahexperiment.A purelygravity wavefield wouldbegivenby valuesof ���	� ,
whereasvalues�	
�� indicatethepresenceof shearwaves( ����� indicatesshear
wavescontribute50%of thevelocityvariancein theinfragravity band).Nearlyall
of the shearwave energy wasconfinedto a region of strongseaward shearin the
meanlongshorecurrentprofile (upperpanel),anddid not vary in accordancewith
thebathymetricprofile (lowerpanel).

muchimprovedunderstandingthekinematicsof wavebreakingandits dynamicalimplications.

TRANSITIONS

Ourvideoanalysistechniquesdevelopedaspartof this researchhavebeenusedto developa
quantitativeaerialvideosystemusedin USGS-sponsoredregionalstudiesof theNorthCarolinaand
southernCaliforniancoastlines(PI’s Lippmann,Haines,andSallenger).

RELATED PROJECTS

Videodataanalysisof the1990Delilah,1994Duck94,and1996MBBE experimentshas
beenexaminedin collaborationwith otherONRfundedscientists.We havealsodevelopedanaerial
videosystemfor measuringthevery-largescalenearshoremorphologyfrom timeexposurevideo
imagesspanningabout100km of coastline(Sponsoredby theU. S.GeologicalSurvey, Co-PI’s
HainesandSallenger).Thesystemis anexpansionof theONRandUSGSsponsoredprojectsto
developvideotechniquesfor measuringnearshoremorphologyandbathymetry.
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Figure3: Log normalratio, E, of surfacegravity wave energy, integratedover the
infragravity portionof thespectrum,obtainedat depthsspanningthe width of the
surf zone(subscriptm) to that in 13 m waterdepth(subscriptn) during 16 days
of the1990Delilah experiment.Thecolor shadingis proportionalto E, andcross-
shoredistanceis log normalizedto emphasizethe region closeto shore,andthe
locationof awell-developedsandbarat approximately80-90moffshore( �� ���������
����� ) thatformedon9October. Theoffshorewaveenergy isshownin theupperpanel
for referenceto thestormevents,andthetideelevationis shown in thelowerpanel.
The observed seaward decayin infragravity energy is stronglytidally modulated,
but shows very little associationwith offshorewave height. Infragravity energy
is alsonearlyuniform acrossthe surf zoneexcept for a local maximumover the
shallows of the bar, and becomesfurther amplified as the morphologybecomes
three-dimensionaltoward the endof the experiment(18-20October).Thecross-
shorelocationof instrumentsis shown on theplot by thecrossedcircles(arbitrary
shown on8 October).
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